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This invention  relies; tA. Petroleu. émuisiens- 
ol the. waer-in-oil  yle- ta$ e commoI e - 
erred fo  "eu oSL" "oy 7" "%mu.lsifleoE oiL'" 
ec., and wch compse , dopIes-o nat 
urally-occrg waters or brnes 
more or lss perman ste throughu the oîl 
wch cotie the ¢eniuOu se- o the 
emulsiem 
One object of tuf inentin is 
novel-process-or beag or rsl emion 
of the Md refer. . 
other obec of tuf i.nvention î e. pod 
n economical and  rapf 
emutsie which bave  een- epred 
trolled oeniens om: mne: oi, I, sc a:s cud'e 
oil a-nff - elavel, so. w-atm: 
Contolled emuli.fiation and: suoeu, demulU 
sification der the conioa jst: 
are o sificant  vlue i. emoving  impuriïes 
paticutalF inorgnic, slts rom, Pe oi. 
emul'flbaon as onemlted.in.çhe.psnt 
pplieaon cludes:  pventive  o cure, 
miIing the demuIfler' witk hn Bu: - 
poen-t wch woul or mht: bêqunlF b 
eome- ei:ther hse o oee emiun» ., 
dmIsier' ma be mix wiR  hdrocabon" 
comportent. 
e- demuln-g agen 
ent p0cess: i  ràciona- esterc ehined om 0 
 pcrboxy cd a-noE. . ol .obaine, b the 
oxypoplion of 2-ethlhendïot«t,3. he 
commerçcia ban'd, o. s" o i sóld' under  the 
nam ' leeIFcl: or.' octlen oh Memen- 
tl og ceain vats 
whic iIl.he coidee subseqnentl th del-  
e m-F be- exempd« b he  ollowing 
ormula: 
 : 40 
 H H 45 
 wch  and are nem incling  
thé. proso that  pl ' eIs a sure varyg. 
rom 15 o 8; " i a woIe num o 
and. R. is  the acal: of he polycaboxy aI 50 
00 
(o o) ,,,. 
d preferably e om 
more than 8 nterpe-d  cào" aos-ï a  55 
sinle- p; àn wi. th rez' preis  tat 
the prenç ïol" pbr t" ese-tio, e  wer 
inIule ad  
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Atçenion- is. i,rèct: t« thè cOpendî: ppli:-  
cation oY C., . Blair, Jr,, Sgl NO'. 
January I3, 1949. (now Paent: No.. 2,562,88 d 
ugust 7, 1951.), in which heze is dcrib 
leum- emSïons- o the wateruîn-oïl: te 
e]oEz by subeoEi,n th-e. èmU.lïon.. to She acio. 
of an esteriflcation RrOduC: of a boHc. acfd. 
a, nd a olyalkFlene Eloel: i whtch thê- ti o. 
lO eqivalents of polybasi acïd td uiln- o 
polFalkyl'ene lFcol- ïs in the Zang6 oY 05 to: 
in wh.ich the aIklene group s. om 2o  c- 
bon toms, and i. hic, the' mlecaz eiht. 
o the. product ïs bêt'Wn 0e"an 4,000:, 
15 Simi.larl.y, ¢er hVe beên- used  çer oI: dï- 
c'box àcids an'd:, polypropylê glcols i hicloE 
2- moles o£ çh ïcrboxy a'ci'@ eser a ee 
eacçed Wih one mole of  po]ypropylee 
hng  molecUlar' weig« fo exmDl-G« o 2;006 
20 so as to form a cidïc, f,actinal . es£e., -. 
inatio, of h fs sd subseençl heein as 
welï as e 'eree" appende@ caims in 
so wiçh e' prevous- eamçTe will show' he- line. 
OE delinea¢ion, between sgc somewhç, comp-, 
rbie compeunds; O greaçm- sicanc,. 
eve, is hat is said subsequençly in, egard' o= 
sçrucçure oï Che paren dio} as comae 
ropylene glycols wose molecular Weghs. y- 
var Irom 1,000' fo 2000. 
For cenvenJence, whaç is sid: hereinaçer il,l 
be OEvded inçe Eve 
Parç I is cenceed wiçh: h pepaa.çiOn. 
oxpropyltion deriva, çies of he- ocylene glycol; 
Par¢ 2 is conceed- With the pren, of }he. 
esçers from the opropyled, deiv¢ie{, 
Parç 3 is concerned, wi a  consideriH of he 
srucçu.e ol çhe diols hi¢h, is- el, sigE¢nce i 
l{ghç of haç is. sai-sbseflenly, 
Paç 4 is- concerned, with he use of 
ues heein, described as demuls{Ees, er bea 
waçer-in-o}l emsi-o; and, 
Parç 5, is concerned wi¢h ceraln 
which can be obçi.ned I.rom the oxypopled, 
ols  some iances,, such, derLvai. re 
obçained, , modesç-oxeçhylaion Proeedig the. 
oxypropy-laçion sep, 0 oxyp.ropyaibn. oloed_ 
b oyeçhylaion. Thïs r.esulçs in ols having. 
someh diEeren¢ eer.ies hih can çhen be 
reac: witE the saine Icrx aci or an 
hydrides desied ih .Par_¢ 2 .ço gie effc¢ië, 
dmsing agents. For hïs reason a descri- 
çion of Che apraçus makes casal mën¢iOn of 
oxyethyl¢ion. For çhe, sme reaso Chérèis 5rbf 
mençion of çhe use of g]Ycïde. 
PA l 
For a number- ol well: on , reaos- euip-. 
men¢, whether laboratory si2e; seJilo, la 
size, piloç plant size, or large sclê-sie; 



rule designed for a particular alkylene oxide. 
Invariably and inevitably, however, or particu- 
larly in the case of laboratory equipment and 
pilot plant size the design is such as fo use any 
of the custemarily available alkylene oxide, i. e., 
ethylene oxide, propylene oxide, butylene oxide, 
glycide, epichlorohydrin, styrene oxide, etc. In 
the subsequent description of the equipment i 
becornes obvious that if fs adapted for oxyethyl- 
ation as well as oxypropylation. 
Oxypropylations are conducted under a wide 
variety of conditions, hot only in regard to pres- 
ence or absence of catalyst, and the kind of cata 
lyst, but also in regard te the rime of reaction. 
temperature of reaction, speed of reaction, pres 
sure during reaction, etc. For instance, oxyal- 
kylations can be conducted ai temperatures up 
to approxtmately 200 ° C. with pressures in about 
the saine range up to about 200 pounds per 
square inch. They can be conducted also ai 
temperatures approrAmating the boiling point of 
water or slightly above, as for example 95 ° fo 
120 ° C. Under such circumstances the pressure 
will be less than 30 pounds per square inch unless 
some special procedure fs employed as is some- 
rimes the case, to wit, keeping an atmosphere of 
inert gas such as nitrogen in the vessel during 
the reaction. Such low .temperature-low reac- 
tion rate oxypropylations bave been described 
very completely in U. S. Patent No. 2,448,664 te 
H. 1. File et al., dated September ï, 1948. Low 
temperature, low pressure oxypropylations are 
particularly desirable where the compound being 
subjected to oxypropylation contains one, two or 
three points of reaction only, such as mono- 
hydric alcohols, glycols and triols. 
Since low pressure-low temperature reaction 
speed oxypropylations require considerable rime, 
for instance, 1 te ï days of 24 hours each to com- 
plete the reaction they are conducted as a rule 
whether on a laboratery scale, pilot plant scale, 
or large scale, so as to operate automatically. 
The prior figure of seven days applies especially 
to large-scale operations. I bave used conven- 
tional equipment with two added autematic 
features; (a) a solenoid controlled valve which 
shuts off the propylene oxide in event that the 
temperature gets outside a predetermined and 
set range, for instance, 95 ° te 120 ° C., and (b) 
another solenoid valve which shuts off the pro- 
pylene oxide (or for that marier ethylene oxide 
if if fs being used) if the pressure gets beyond a 
predetermined range, such as 25 to 35 pounds. 
Otherwise, the equipment fs substantially the 
saine as fs comrnonly employed for this purpose 
where the pressure of reaction fs higher, speed 
of reaction fs higher, and rime of reaction fs 
much shorter. In such instances such automatic 
controls are not necessarily used. 
Thus, in preparing the various examples I bave 
round it particularlY advantageous te use labo- 
ratory equipment or pilot plant which fs de- 
signed to permit continuous oxyalkylation 
whether it be oxypropylation or oxyethylation. 
With certain obvions changes the equipment can 
be used also to permit oxyalkylation involving 
the use of glycide where no pressure fs involved 
except the vapor pressure of a solvent, if any, 
which may have been used as a diluent. 
As previously pointed out the method of wing 
propylene oxide fs the saine as ethylene oxide. 
This point is emphasized only for the reason that 
the apparatus fs so designed and constructed as 
to use either oxide. 
The oxypropylation procedure employed in the 
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preparation of the oxyalkylated derivatives has 
been uniïormly.the saine, Particularly  in light of 
the ïact that a continu0us.automatically-con- 
trolled procedure was employed. In this pro- 
5 cedure the autoclave was a conventional auto- 
clave ruade of stainless steel and having a capac- 
ity of approximately 15 gallons and a working 
pressure of one thousand pounds gauge pressure. 
This pressure 0bviously fs far beyond any re- 
10 .quirement as. ïar:as propylene oxide goes unless 
there fs a reaction of explosive violence involved 
due to. accident. The autoclave was equipped 
with the conventional devices and openings, such 
as the variable-speed stirrer operating ai speeds 
15 ïrom 50.1. P. M. to 500 1. P. M.; thermometer 
well and thermocouple for mechanical thermom- 
eter; emptyng ourlet; pressure gauge, manual 
vent line; charge h01e for initial .reactants; ai 
least one connection for introducing the alkylene 
g0 oxide, such as propylene oxide or ethylene oxide, 
to the bottom of the autoclave; along with suit- 
able devices for..both cooling and heating the 
autoclave, such as a cooling j acket, and, prefer- 
ably, coils in addition therete, with the jacket so 
g5 arranged that if fs suitable for heating with 
steam or cooling with water and further 
equipped with electrical heating devices. Such 
autoclaves are, of course, in essence small-scale 
replicas of the usual conventional autoclave used 
) in oxyalkylation procedures. In some instances 
in exploratery preparations an autoclave having 
a smaller capacity, for instance, approximately 
3/2 liters in one case and about 13A gallons in 
another case, was used. 
 Continuous operation, or substantially con- 
tinuous operation, was achieved by the use of a 
separate container te hold the alkylene oxide 
being employed, particularly propylene oxide. 
In conjunction with the.smaller autoclaves, the 
40 container consists essentially of a laboraterY 
bomb having a capacity of about one-half gallon, 
or somewhat in excess thereof. In some instances 
a larger bornb was used, te wit, one having a 
capacity of about one gallon. This bornb was 
5 equipped, also, with an inlet for charging, and an 
educter tube going to the bottom of the con- 
tainer se as to permit discharging of alkylene 
oxide in the liquid phase to the autoclave. A 
bomb having a capacity of about 60 pounds was 
50 used in connection with the 15-gallon autoclave. 
Other conventional equipment consists, of course, 
of the rupture disc, pressure gauge, sight feed 
glass, thermometer connection for nitrogen for 
pressurini bomb, etc. The bomb was placed on 
55 a scale during use. The connections between 
the bomb and the autoclave were flexible stain- 
less steel hose or tubing so that continuous 
weighings could be ruade without breaking or 
making any connections. This aPplies also to 
60 the nitrogen line, which was used to pressure 
the bomb reservoir. To the extent that it was 
required, any other usual conventional procedure 
or adlition which provided greater safety was 
used, of course, such as safety glass protective 
65 screens, etc. 
Attention fs directêd again te what bas been 
said previously in regard to autematic controls 
which shut off the propylene oxide in event tem- 
perature of reaction passes out of the predeter- 
7O mined range or if pressure in the autoclave passes 
out of predetermined range. 
With this particular arrangement pçactically 
all oxypropylations become uniform in that the 
reaction temperattn'e was held within a few 
7 degrees of any selected point, for instance, if 105 ° 
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C. was selected as the operating temperature the 
maximum point would beat the most 110 ° C. or 
112 ° C., and the lower point would be 95 ° or 
possibly 98 ° C. Simflarly, the pressure was held 
at approximateIy 30 pounds within a 5-pound 
variation-one Way or the other but might drop 
to practically zero, especially Where no solvent 
such as xylene, is employed. The speed of re- 
action was comparatively slow under, such con- 
ditions as compared with oxyalkylations at 200 ° 
C. Numerous reactions were conducted in which 
the rime varied from one day (24 hours) up to 
three days (ï2 hours), for completion of the 
final member of a series. In some instances the 
reaction may take place in considerably less 
rime, i. e., 24 hours or less, as far as a partial 
oxypropylation is concerned.. The minimum rime 
recorded was about a 3-hour period in a single 
stop. Reactions indicated as being complote in 
9 hours may have been complote in a lesser 
period of rime in light of the automatic equip- 
ment employed. In the addition of propylene 
oxide, in the autoclave equipment as far as 
possible the valves were set so all the propylene 
oxide £f ïed continuously would be added at a 
rate se that. the predetermined _amount would 
react within the firs 15 hours of the 24-hour 
period or two-thirds of any shorter period. This 
meant that £f the reaction was interrupted auto- 
mtically for a peri0d of rime for pressure te 
drop or. temperature to drop the predetermined 
amount.of oxide would still be added in most in- 
stances v«ell within the predetcrmined rime 
period. Sometimes where the addition was a 
comparatively small amount in a 12-hour period 
there would be an unquestionable speeding up of 
the reaction, by simply repeating the example 
and using 6, 8 or 9 hours instead of 12 hours. 
When operating ara comparatively high tem- 
perature, for instance, between 150 ° to 200 ° C., 
an unreacted alkylene oxide such as propylene 
oxide, makes its presence felt in the increase in 
pressure or the consistency of a high .presSure. 
However, at a low enough temperature it may 
happen that the propylene oxide goes in as a 
liquid. If so, and if iç remains unreacted there 
is, of course, an inherent danger and appropriae 
steps must be taken to safeguard against this 
possibility; if. need be a sample must be with- 
drawn and examined for unreacted propYlene 
oxide. One obvious procedure, of course,, is te 
oxypropylate at a modestly higher temperature, 
for instance, at 14.0 ° te 150 ° C. Unreacted oxide 
affects deterraination of the acetyl or hydroxyl 
vlue. of the hYdroxylated compound obtained. 
The higher the molecular weight of the com- 
pound, i. e., towards the latter stages of reaction, 
the longer the rime required to add a given 
amount of oxide. One possible explanation is 
that the molecule, being larger, the opportunity 
for random reaction is decreased. Inversely, the 
lower the molecular weight the faser the re- 
action takes place, l%r this reason, sometimes 
at least, increasing the concentration of the 
cafalyst does hot appreciably speed up the re- 
action, particularly When the product subjected 
to oxyalkylation.has a comparatvely high molec- 
ular weight. Howeve, as has been pointed out 
preiouly, operating-at  low. pressure and a 
low tëmPerature even in large scale 'operations 
as much as a w.eek or ten days' rime may lapse 
to 0btain some. of the higtier molecular weight 
derivatives from monohydric or dihydric ma- 
erials. -.. - ...... ' "  " ..... 
" - rï a nrrïber Of përations the counterbalance 

scale or dial scale holding the propylene oxide 
. .bomb was so. set that when the predetermined 
amount .of propylene oxide had passed into the 
reaction the scale movement through a time op- 
5 eratingdevic was set for either one to two hours 
so that reaction continued for 1 to  hours aftcr 
$he final addition of the last propylene oxide and 
thereafter the operation was shut down. This 
  .particular devce is paricularly suitable for use 
10. on larger equipment than Iaboratory size auto- 
 claves, to wit, on semi-pilot plant or pilot plant 
size, as well as on large scale size. This final 
- - stirring period is intended to avoid the presence 
" of unreactéd oxide. 
15  In this sort of operation, of course, the temper- 
ature range was controlled automatically by eith- 
er use of cooling water, steam, or electrical heat, 
so as to raise or lower the tcmperature. The 
pressuring of the propylene oxide into the reac- 
0 tion vessel was also automatic insofar that the 
feed stream was set for a slow continuous run 
which was shut off in case.the pressure passed a 
predetermined point as previously set out. Ail 
the points of design, onstruction, etc., were con- 
2 venti0nal including tlie gases, check valves and 
entire equipment. As far as I ara aware at least 
tWO .zns, and çossibly three, specialize in auto- 
cle equipment such as I have employed in the 
laboratory, and are prepared to furnish equip- 
3O ment of this saine kind. Similarly pilot plant 
equipment is availabe. This point is simply 
ruade as a precaution in the direction of safety. 
Oxyalkylations, particularly involving ethylene 
oxide, glyciàe, propylene oxiàe, etc., should hot 
35 be conducted except in equipment specifically de- 
signeà for the purpose. 
Excmole la 
The particular autoclave employed was one 
4O with a capacity of approximately 15 gallons, or 
on the average o£ about 120 pounds of reaction 
mass. The speed o£ the stirrer could be varied 
rom 150 te 340 R. P. M.. 8 pounds of octylene 
glycolwere charged into the utoclave along with 
5 one pound of sodium hydroxide. The reaction 
Pot was flushed out with nitrogen. The auto- 
clave was sealed, the automatic devices adjusted, 
and set for injecting  total o 50% pounds o 
propylene oxide in a 9-hour period. The pres- 
5O sure regulator was set or  mximum o approxi- 
mately 35 pounds per square inch. This meant 
that the bulk of the reaction could take place, and 
probably did take place, at  Iower pressure. 
This comparativèly low pressure was theresult of 
55 the fact that considerable catalyst was present, 
Pr0pylene oxide was added comparatively slowly 
and, more important, the selected temperature 
range was 205 ° to 215 ° 1 v. (about the boillng point 
of water). The initialintroduction of propylene 
6O oxide was hot started untiI the heating devces 
hac raised the temperature to approximately the 
boiling point of water. At the completion of the 
reaction a sample was taken and oxypropylation 
proceeded as in Example 2a, immediately suc- 
05 ceeding. 
Ecrple 2a 
Slightly over 52 pounds of the reaction mass 
identified as Exemple la, were permitted te re- 
main in the reaction vessel and without the addi- 
7O tion of any more .catalyst approximately 43 
pounds more of prpylene oxide were added. 
The oxypropylation was conducted in substan- 
tially the saine manner in regard to pressure nd 
temperature as in Example la, preceding, except 
75 that the reaction was completed in 8 hours. At 
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'TABLE1 

8 

Ex. No. 

2a ......... 
Sa 
4a ......... 
Sa-- ....... 
fa ..... :--- 

Composition Before 

H.C.* Oxide Cata- 
Amt. Amt. lyst 
Lbs. Lbs. Lbs. 
8.67 ........ 1.0 
7. 47 '43.76 .86 
4.80 55.61 .55 
8.48 66. 20 .40 
8.18 78. 21 .38 
2. 35 75. 27 .28 

Compositioï at End 

Theo. 
Mol. 
Wt. 

999 
1,830 
2,826 
8,725 
4,826 
5,565 

Amt. 
Lbs. 

8.67 
7. 47 
4.80 
8.48 
3.18 
2.35 

Oxide 
Amt. 
Lbs. 

50.67 
86.63 
91.23 
85.45 
102.21 
87.39 

Caa- 
lyst 
Lbs. 

1.0 
 86 
 55 
.40 
 38 
.28 

by Hyd. 
Deter- 

705 
1,136 
1,210 
1,418 
1,74 
1,860 

Temp. 
oF. 

210-215 
210-215 
205-215 
205-215 
205-215 
205-215 

Pres. 
lbs. 
sq. in. 

85 
35 
85 
85 
35 
35 

Time 
Hrs. 

8 
4, 
6 
7 

* The hydroxylated compotmd is octyleneglycol. 
the end oï the reaction period part oï the sain- 15 Example la was dispersible to insoluble in water 

pie was withdrawn and oxypropylation was con- 
tinued as described in Example 3a, following. 
.Exampe 3a 
Aplroximately 61 pounds oï the reaction mass 20 
identified as Example 2a, preceding, Was permit- 
ted to stay in t!e reaction vessel. 352/ pounds 
of propylene oxide were introduced during this 
third period. No additional catalyst was added. 
The conditions of reaction, as ïar as temperature 25 
and pressure:were concerned were substantlally 
the saine as in Example la, preceding. The re- 
action rime was cut clown to 4ç hours. At the 
completion o£ the reaction part oï the reaction 
mass was withdrawn and the remainder sub- 30 
jected to oxypropylation as described in Example 
4a, succeeding. 
Example 4a 
70 pounds of the reaction mass were permitted 3 
to remain in the autoclave No additional cata- 
lyst was introduced. Slightly over 19 pounds oï 
propylene oxide were introduced in the saine 
manner as described in Example la, preceding. 
Conditions in regard to temperaure and pres- 40 
sure were substantially the saine. In this in- 
stance the oxide was introduced in 2% hours. At 
the end of the reaction period part oï the sample 
was Withdrawn and the remainder oï the reaction 
45 
mass subjected to ïurther oxypropylation as de- 
scribed in Example 5a, succeeding. 
Example Sa 
Approximately 81% pounds of reaction mass 
were permitted to remain in the autoclave. No 50 
additional catalyst was introduced. 24 pounds 
of propylene oxide were introduced in the saine 
manner, as described in Example la, preceding. 
The conditions of temperature and pressure were 
substantia!ly the saine. The rime required fo in, 55 
troduce the oxide was 6 hours. Af the comple- 
tion of the reaction part oï the reaction mass was 
withdrawn and the remainder subjected fo oxy- 
propylation as described in Example 6a, succeed- 
ing. 60 
Examle 6a 
Approximately 78 pounds of reaction mass 
 were permitted fo stay in the autoclave. This 
was subjected fo reaction with slightly over 12 65 
pounds oï propylene oxide. Conditions oï reac- 
tion were substantially the saine as described in 
Example la as. ïar as temperature and pressure 
were concerned:. The Period requiredYor addi- 
tion of this oxid6 was 7 hours. " 70 
Whathas been said lierein is presented in tab- 
ular form in Table 1 immediately following, with 
some added informatiQn as fo molecular weight 
and as o solubflity ofthe reaction product in wa- 
 ter, xylene and kerosene ..... " ..... 7OE 

but completely soluble in xylene and kerosene; 
Examples 2a through 6a, inclusive were all in- 
soluble in water but completely soluble in xylene 
and kerosene. 
The final product, i. e., at the end of the oxy- 
propylation step, was a somewhat viscous very 
pale straw-colored fiuid which was v¢ater-in- 
soluble. This is characteristic of all various end 
products obtained in this series.  These products 
were, of course, slightly alkaline due fo the resid- 
ual caustic soda employed. This would also be 
the case .if sodium methylate were used as a 
catalyst. " 
Speaking of insolubility in water or solubility 
in kerosene such solubility test can be rnade 
simply by shaking small amounts of the materials 
in a test tube with water, for instance, using 1% 
to 5% approximately based on the amount of 
water present. 
Neediess to say, there is no complete conver- 
sion of propylene oxide into the desired hy- 
droxylated compounds. This is indicated by the 
fact that the theoretical molecular weight based 
on a statistical average is greater than the mo- 
lecular weight calculated by usual methods on 
basis of acetyl or hydroxyl value. Actually, there 
is no completely satisfactory method for deter- 
mining molecular weights of these types of com- 
pounds with a high degree of accuracy when the 
molecular weights exceed 2,000. In some in- 
stances the acetyl value or hydroxyl value serres 
as satisfactorily as an index to the molecular 
weight as any other procedure, subject to the 
above imitations, and especially in the higher 
molecular weight range. If any difficulty is en- 
countered in the manufacture of the esters as 
described in Part 2 the stoichiometrical amount 
of acid or acid compound should be taken which 
corresponds to the indicated acetyl or hydroxyl 
value. This matter bas been discussed in the 
literature and is a matter of common knowledge 
.and requires no ïurther elaboration. In fact, it 
is illustrated by some of the examples appearing 
in the patent previously mentioned. 
PART 2 
As previously pointed out the present invention 
is concerned with acidic esters obtained from the 
oxypropylated derivatives described in Part 1, 
immediately preceding, and polycarboxy acids, 
particularly dicarboxy acids such as adipic acid, 
phthalic acid, or anhydride, succinic acid, digly- 
collic acid, sebacic acid, azelaic acid, aconitic 
acid, maleic acid or anhydride, citraconic acid or 
anhydride, maleic acid or anhydride adducts as 
obtained by the Diels-Alder reaction from reac- 
tants such as maleic anhydride and cyclopenta- 
diene. Such acids should be heat stable so they 
are not decomposed during esterification. They 
may contain as_rnanY as 36. carbon atoms a, for 
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.example, the acids obtkined by dimerization of 
unsaturated fatty acids, unsaturated monocar- 
boxy fatty acids, or unsaturated monocarboxy 
acids having .18 carbon .atoms. Reference to the 
acid in the hereto appeided claims obviously in- 
cludes the anhydrides or any other obvious 
equivalents. My preference, however, is to use 
polycarboxy a.cids having hOt over 8 carbon 
atoms. 
The production of esters including acid esters 
(fractional esters) from polycarboxy acids and 
glycols or other hydroxylated compounds is well 
known. Neediess fo say, various compounds may 
be used such as the low molal ester, the anhy- 
dride, the acyl chloride, etc. I-Iowever, for pur- 
pose of economy if is customary to use either the 
acid or the anhydride. A conventional pro- 
cedure is employed. On a laboratory scale one 
can employ a resin pot of he kind described in 
U. S. Patent No. 2,499,370, dated March 7, 1950, fo 
De Groote and Keiser, nd particularly with one 
more opening tto permit the use of a porous 
spreader if hydrochlorJc acid gas is to be used 
as a cata]yst. Such device or absorption spreader 
consists of minute Alundum thimbles which are 
connected fo a glass tube. One can adda sul- 
fonic acid such as para-toluene sulfonic acid as 
a catalyst. There is.some objection to this be- 
cause in some irstances there is some evidence 
that this acid caalyst tends to decompose or re- 
arrange oxypropylated compounds, and particu- 
larly likely to do so.if the esterification tempera- 
ture is too high..In the case of polycarboxy 
acids such a s .diglycollic acid, which is strongly 
acidic there is no need o add any catalyst. The 
use of hydrochloric gas bas one advantage over 
paratoluene sulfonic, acid and that is that af the 
end of the reaction it can be removed by flushing 
out with nitrogen whereas there is no reasonably 
convenient means avaflable of removing the 
paratoluene sulfonic acid or other sulfonic acid 
employed. If hydrochloric acid is employed one 
need only pass the gas through at an exceedingly 
ow rate so as-to keep the reaction mass acidic. 
Only a trace of acid need be present. I bave emr 
ployed hydrochloric acid gas or the aqueous acid 
itself fo eliminate the initial basic material. My 
preference, however, is fo use no catalyst whats0- 
ever and to insure complete dryness .of the diol 
as described in the final procedure just preceding 
of Table 2. 
The products 0btained in Part i preceding may 
contain a basic catalyst. As a general procedure 
I bave added an amount of half-concentrated 
hydrochloric acid considerably in excess of what 
is required to neutralize the residual catalyst. 
The mixture is shaken thoroughly and allowed 
to stand overnight. If is then flltered and re- 
fiuxed with the xylene present until the water 
can be separated in a phase-separating trap. As 
soon as the product is substantially free from 
water the distillation stops. This preliminary 
step can be carried out OEn the flask t be used 
for esteriflcation. If there is any further depo- 
sition of sodium chloride during the reflux stage 
neediess to say a second filtration may be re- 
quired. In any event the neutral or slightly 
acidic solution of the oxypropy]ated derivatives 
described in Part 1 is then diluted furher with 
sufficient xylene decalin, petroleum solvent, or 
the like, so that one has obtained approximately 
a 65% solution. To this solution there is added 
a polycarboxy]ted reactn% as previously de- 
scrJbd, such as phtha]ic nh3dride, uccinic 
acid r anhydrjde, dig]ycollic-acld; etc. The 

10 
mixture ]s refluxed until esteriflcation is com- 
plete as indicated by e]imination of water or drop 
in carboxyl value. Needless to say, if one pro- 
duces a half-ester from an anhydride such as 
5 phthalic anhydride, no water is eliminated. 
However, if itis obtained from diglycollic acid, 
for exampie, water is eliminated. Ail such pro- 
cedures are conventional and have been so thor- 
oughly described in the literature that ïurther 
10 consideration will be limited to a few examp]es 
and a comprehensive tble. 
 Other procedures for eliminating the basic re- 
sidual catalyst, if any, can be employed. For 
example, the oxyalkylation can be conducted 
15 in absence of a solvent or the solvent removed 
af ter oxypropylation. Such oxypropylation end 
product can then be acidifled with just enough 
 concentrated hydrochloric acid to just neutra]ize 
the residual basic catalyst. To this product one 
20 can then add a small amount of anhydrous so- 
dium sulfate (sufficient in quantity to take up 
any water that is present) and then subJect the 
mass fo centrifugal force so as to e]iminate the 
hydrated sodium sulfate and probably the 
25 dium chloride formed. The clear somewhat vis- 
cous straw-colored amber liquid so obtained may 
contan a small amount of sodium sulfate or 
sodium chloride but, in any event, is perfectly ac- 
ceptable for esteriflcation in the mariner 
30 scrlbed. 
It is to be pointed out that the products here 
described are hOt polyesters in the sense that 
there is à plurality, of both diol radicals and acid 
radicals; the product ts characterized by having 
35 only one diol radical. 
In some instances and, in fact, in many in- 
stances I have round-that in spire of the dehy- 
dration methods employed above that a mere 
trace of water stfll cornes through and that this 
4O mere trace of water certainly interferes with the 
acetyl or hydroxyl value determination, at least 
when a number of conventional procedures are 
used and may retard esteriflcation] particularly 
where there is .no sulfonic acid or hydroctloric 
acid present as a cata]yst. Therefore, I have 
45 preferred to use the following procedure: I hàve 
employed about 200 grams of the diol as described 
in Part 1, preceding; T bave added about .60 
grains of benzene, and then refiuxed this mix- 
ture in the glass resin pot using a phase-separat- 
50 ing trap untfl the benzene carried out all the 
water present as water of solution Or the equiv- 
alent. Ordinarily this refluxing temperature is 
apt tobe in the neiglborhood .of 130  to possibly 
150 ° . Vhen 1 this water Or moisture has 
5 been removed I a]so withdraw 'appr0ximately 20 
grains or a little less benzene and then add the 
requiredamount of the carboxy reactant and 
also about 150 grains of a high boiling aromatic 
petroleum solvent. These solvents are sold by 
60 various off reflneries and, as far .as Solvent effect 
act s/s if thçF were ]most eomplete]y .aromatic 
-in charaCter. Typical distillation data in-he 
particular type T have employed and found very 
satisfactory is the following: 

65 : 
L B. P., 12 ° C. 50 ml., 22 ° C. 
5 ml., 200 ° C. 55 ml., 24 ° C. 
10 m!., 209 ° C. 60 ml., 248 ° ,C. 
15 ml., 215 ° C. 65 mi., 252 ° .C.- 
70 20 ml., 216 ° C. 70 ml., 252 ° C. 
25 ml., 220 ° C. -75 ml., .260 ° .C. 
30 ml., 225 ° C. 80 ml., 264 » C. 
35 ml., 230  C. 85 ml., 2'70 ° C: 
40 m1.,234 o C. 90 ml., 280 oC. 
.75 45 ml., 237 ° C. -95 ml., 307 ° C.  
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After this material is added, refluMng is contin- turcs, such as decalin and xylene, can be em- 
ued and, of course, is ai a high temperature, to ployed. 
wit, about 160 ° to 170 ° C. If the carboxy re- The data included in the Subsequent tables, i. e., 
actant is an anhydride needless to say no water Tables 2 and 3, are self-explanatury, and very 
of reaction appears; if the carboxy reactant is 5 complete and if is believed no further elaboration 
an acid water of reaction should appear and is necessary: 
TABLE 2 

VoL Wt. Amt. of 
Ex. No. Theo. Theo. Actual Based on of Hyd. Poly-carboxy Reactaut 
Ex. No. of of Hy- M.Vv'. of Hydroxyl Hydroxy] Actual Cmpl. 
Acid Estei droxy H.C. V. of Value 
Cmpd. H.C. H.V. (grs.) 

lb ......... la 999 112 134 705 200 Diglycollic acid ...... 
2b ......... la 999 112 134 705 200 Maleic Anhyd ....... 
:b ......... la 999 112 134 705 200 Phthalic Anhyd ...... 
b ........ la 999 112 134 705 200 Aconitie Acid ......... 
5b ........ la 999 112 134 705 200 Adtpic Acid ........... 
gb ........ 2a 1,830 61.2 79. 3 1, 416 200 Diglycollic acid ...... 
7b ........ 2a 1,830 61.2 79.3 1,416 200 Phthalic Anhyd ...... 
' 8b ........ 2a 1,830 61.2 79.3 1,416 200 1Valeic Anhyd ....... 
9b ........ 2a 1,830 61.2 79. 3 1,416 200 Aconitic Acid ......... 
10b ....... 2a 1,830 61.2 79.3 1,416 200 Adipic Acid ........... 
llb ....... 2a 1,830 61.2 98. 5 1,136 200 Diglycollic acid ....... 
12b ....... 2a 1,830 61.2 98. 5 1,136 200 1Valeic Anhyd ....... 
13b ....... 3a 2, 826 39.0 77.1 1, 474 200 Dig]ycollie Acid ....... 
14b ....... 3a 2, 826 39.0 77.1 1, 474 200 Phtha]ic Anhyd ...... 
15b ....... 3a 2, 826 39. 0 77.1 1,474 200 Maleie Anhyd ....... 
16b ....... 3a 2, 826 39. 0 77.1 1,474 200 Aeonitic Acid ......... 
17b ....... 3a 2, 826 39. 0 77.1 1,474 200 Adipic Acid 
18b ....... 4a 3, 725 30. 0 62. 5 1,794 200 Diglycollic Acid ....... 
19b ....... 4a 3, 725 30.0 62. 5 1, 794 200 Phthalie Anhyd ...... 
20b ....... 4a 3, 725 30.0 62. 5 1,794 200 Maleic Anhyd ....... 
2lb ....... 4a 3, 725 30.0 62. 5 1,794 200 Aconitic Acid ......... 
22b ....... 4a 3,725 30. 0 62. 5 1, 794 200 Adipic Acid ........... 
23b ....... 4a 3, 725 30. 0 79. 0 1,418 200 Diglycollic Acid ....... 
24b ....... Sa 4, 826 23. 2 52.4 2,140 200 ..... do ................ 
25b ....... Sa 4, 826 23. 2 52.4 2,140 200 Phthalic Anhyd ........ 
26b ....... Sa 4, 826 23. 2 52. 4 2,140 200 Maleic Anhyd ....... 
27b ....... Sa 4, 826 23.2 52.4 2,140 .200 Aconitic Acid ......... 
28b ....... Sa 4, 826 23.2 52. 4 2,140 200 Adiptc Acid ........... 
29b ....... Sa 4, 826 23. 2 " 64. 6 1,734 200 Diglyeollie Acid_ 
30b_ ....... Sa 4, 826 23. 2 64.6 1,734 200 Maleic Anhyd ........ 
3lb ....... Sa 4, 826 23.2 64. 6 1,734 200 Adipic Acid ........... 
32b ....... 6a 5, 565 20.1 46.3 2, 420 200 Diglycollic Acid._2 .... 
33b ....... 6a 5, 565 20.1 46. 3 2, 420 200 Phthalic Anhyd ...... 
34b ....... 6a 5, 565 20.1 46.3 2, 420 200 1Valeic Anhyd ....... 
35b ....... 6a 5, 565 20.1 46.3 2, 420 200 Acnitic Acid ......... 
36b ....... 6a 5, 565 20.1 46. 3 2, 420 200 Adipic Acid ........... 
37b ....... 6a 5, 565 20.1 60.2 1, 860 200 Diglycollic Acid ....... 
38b ....... 6a 5, 565 20.1 60.2 1,860 200 Maleic Ahyd ....... 

Amt. of 
Poly- 
carboxy 
Reactant 
(grs.) 

76. 0 
55. 6 
84. 0 
98.7 
83. o 
18. 8 
23. 5 
16.3 
15.3 
20. 6 
47. 0 
34. 5 
36.4 
40. 2 
26.6 
47.4 
39, 8 
14. 9 
18.4 
12. 9 
11.8 
16.2 
37. 8 
12. 5 
15.5 
10. 8 
10. 8 
13.6 
30. 8 
22. 5 
33:6 
13. 7 
9.6 
9.6 
12.{] 
28.6 
21. {] 

should be eliminated ai the above reaction tem- 
perature. If il is not eliminated I simply sep- 
arate out another 10 or 20 cc. of benzene by 
means of the phase-separating trap and thus 
raise the temperature fo 180 ° or 190 ° C., or even 45 
to 200 ° C., if need be. My preference is hot fo 
go above 200 ° C. 
The use of such solvent is extremely satisfac- 
tory provided one does hot attempt fo remove 
the solvent subsequently except by vacuum dis- 0 
filiation and provided there is no objection fo a 
little residue. Actually, when these materlals 
are used for a purpose such as demulsification the 
solvent might just as well be allowed fo remain. 
If the solvent is fo be removed by distillation, 5 
and particularly vacuum distillation, then the 
high boiling aromatic petroleum solvent might 
well be replaced bysome more expensive solvent, 
such as decalin or an alkylated decalin which 
bas a rather definite or close range boiling point. 0 
The removal of the solvent, of course, is purely 
a conventional procedure and requires no elab« 
oration. 
In tae appended table Solvent #7--3, which 
appears in numerous instances, is a mixture of 7 65 
volumes of the aromafic petroleum solvent pre- 
viously described and 3 volumes of benzene. This 
was used, or a simflar mixture, in the manner 
previously described. A large number of the ex- 
amples indicated employing decalin were re-70 
peated, using this mixture and particularly with 
the preliminary step of removing al1 the water. 
If one does hot intend to remove the solvent my 
preference is fo use the petroleum solvent-benzene 
mixture although obviously any of the other mix- 7 

TABLE3 

Ex. No. I 
of Acid I Solvent 
Ester ] 
l ....... Deealin ....... 
 ............ do ......... 
t ............ do ......... 
 ....... Solent #7---- 
 ....... Decalin ....... 
?b ............ do ......... 
b ............ do ......... 
b ............ do ......... 
t0b ........... do ......... 
tlb ...... Solvent #7-3_-. 
t2b ...... Solvent #7-3..- 
t3b ...... Decalin ....... 
t4b ........... do ......... 
[sb ........... do ......... 
t6b ........... do ......... 
[7b ........... do ......... 
1.Sb ........... do ......... 
lgb ........... do ......... 
0b ........... do ......... 
Zlb ........... do ......... 
22b ........... do ......... 
3b ...... Solvent #7-3_-. 
Ab ....... Decalin ....... 
25b ........... do ......... 
6b ........... do ......... 
27b ........... do ......... 
28b ............ do ......... 
29b ............ do ......... 
0b ...... Decalin xylene. 
3lb ...... Decaltn ....... 
32b ........... do ......... 
3b ............ do ......... 
4b ............ do ......... 
35b ............ do ......... 
36b ............ do ......... 
37b-_. ........ do ......... 
Sb ...... , Decalin xylene_ 

Ami. Esteriflca- Time of Water 
Solvent tion Temp. Esteriflca- Out 
(grs.) °C. tion CHrs.) (cc.) 

266 200 41/ 8. 5 
256 189 4 None 
284 202 15 0. 8 
299 191 2 
274 192 51 9. 9 
213 182 1 4.0 
218 197 4 4.0 
211 192 3 2. 6 
211 184 1/ 2. 4 
216 196 5 4. 2 
248 203 3 " 6. 5 
312 127 3s ....... 
232 192 7 5. I 
274 183 10/ . S 
246 184 3 .5 
264 178 21/ 5. 4 
235 187 ] 0. 2. 2 
210 178 11/ 3. 2 
213 191 4 3.4 
208 190 5 3.1 
2O8 190 11 3.0 
212 195 81 3.6 
232 200 3a : 5. 5 
209 " 197 4/ 4. 2 
212 187 11 .7 
208 197 4 4. 2 
213 189 4}4 4.3 
210 194 12} 3. 
226 200 8/ 6. 2 
222 209 
229 235 
208 194 9 1. 
211 195 9. 2. 
206 193 31/ 2. 
211 191 2 2. 
209 195 5 6. 
223 188 11 5. 
220 171 8 1. 

The procedure for manufacturing the esters 
has been illustrated by preceding examples. 
If for any reason reaction does hot take place 
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in a manner that is acceptable, attention should 
be directed to the following detafls: («) Recheck 
the hydroxF1 or acetyl value of the oxypropylated 
diol and use a stoichiometrically equivalent 
amount of acid; (b) if the reaction does not pro- 5 
ceed with reasonable speed either raise the tem- 
peratures indicated or else extend the period of 
rime up to 12 or 16 hours if need be; (c) if neces- 
sary, use /2% of parateluene sulfonic acid or 
some other acid as a catalyst; (g) if the esteriîï- 1 
cation does hot produce a clear product a check 
should be ruade fo see if an inorganic salt such 
as sodium chloride or sodium sulfate is hot pre- 
cipitating out. Such salt should be eliminated, 
at least for exploration experimentation, and can 15 
be removed by filtering. 'Everything else being 
equal as the size of the molecule increases and the 
reactive hydroxyl radical represnts a smaller 
fraction of the entire molecule and thus more 
difficulty is involved in obtaining complete ester- 20 
iflcation. 
Even under the most carefully controlled con- 
ditions of oxypropylation involving comparatively 
low temperatures and long rime of reaction there 
are formed certain compounds vhose comp0si- 25 
tion is still obscure. uch side reaction products 
can contribute a substantial proportion of the 
final cogeneric reacçion mixture. Various sug- 
gestions haYe been ruade as fo the nature of these 
compounds, such as being cyclic polymers of 30 
propylene oxide, dehydration products with the 
appearance of a vinyl radical, or isomers of 
propylene oxide or derivatives thereof, i. e., of an 
aldehyde, ketone, or allyl alcohol. In some in- 
stances an attempt to react the stoichiometric 35 
amount of a polycarboxy acid with the oxypropy- 
lated derivative results in an excess of the 
carboxylated reactant for the reason that appar- 
ently under conditions of reaction less reactive 
hydroxF1 radicals are present then indicated by 40 
the hydroxyl value. Under such circumstances 
there is simply a residue of the carboxFlic react- 
ant which can be removed by filtration or, if de- 
sired, the esteriflcation procedure can be repeated 
using an appropriately reduced ratio of car-45 
boxylic reactant. 
Even the determination of the hydroxyl value 
and conventional procedure leaves much to be 
desired due either to the cogeneric materials 
previously referred to, or for that matter, the 50 
presence of ary inorganic salts or propylene ox- 
ide. Obviously this oxide should be eliminated. 
The solvent employed, if any, can be removed 
from the finished ester by distillation and par- 
ticularly vacuum distillation. The final products 55 
or liquids are generally pale amber fo amber in 
color, and show moderate viscosity. They can be 
bleached with bleaching clays, flltering chars, and 
the like. I-Iowever, for the purpose of demulsifl- 
cation or the like c01or is hot a factor and decolor- 6O 
ization is not justified. 
In the above instances I bave permitted the 
solvents to remain present in the final reaction 
mass. In other instances I bave followed the 
saine procedure using decalin or a mixture of dec- 65 
alin and benzene in the saine manner and ulti- 
mately removed all the solvents by vacuum dis- 
tillation. Appearances of the final products are 
much the saine as.the diols belote esteriflcation 
and in some instances vere somewhat darker in 7O 
color and had a reddish cast and perhaps some- 
what more viscous. 
PAtT 3 
Previous reference has been marie to. the fact .5 

that diols such as polypropyleneglycol of approxi- 
mately 2,000 molecular ¢eîght,'fo example, bave 
been esteffn2ed with dicar5oxy acids and em- 
ployed as demulsifying aents. On firsg exam- 
ination the difference bëtween theherein de- 
scribed Products and such comparable pr0ducts 
appears fo be rather .insignïficant. In fact, the 
difference is such that if fafls to explin the fact 
that compounds of the kind hërein described may 
be, and frequently are, 0%, 15% or 20% better 
on a quantitative basis than the simpler com- 
pound previously described, and demulsify faster 
and give cleaner Off in many instances. The 
method of making such comparative tests has 
been described in a booklet entitled ,Treating 
Off ïield Emulslons, » used in the Vocational 
training courses, Petroleum Industry Series, of 
the American Petroleum Institute. 
The difference, of course, does no reside in 
the carboxy acid but in the diol. Momentarfly an 
effort wfll be ruade to emphasize certain things 
in regard to the structure of a polypropylene gly- 
coLsuch as polypropylene glycol of a 2000 molec« 
ular weight. Propylene glycoi bas a primáry 
alcohol radical and a secondary alcohol radical. 
In this sense the building unit hich forms poly- 
propylene glycols is not symmçtrical. Obviously, 
then, polypropylene glycols can be obtained, at 
least theoretically, in which two econdary alco- 
bol groups are united or a sec0ndar alcohol 
group is united to a prmary, alcoh01 group, ether- 
.îzation being involved, of course, in each instance. 
Usually no effort_is ruade, fo differentiate be- 
tween oxypropylationtaking place, for example, 
at the primary alcohoi unit radical or the Sec- 
ondary alcohol radical-:Actually:when such 
products are obtained, snch as a high m01al PO!y- 
propylene glycol or thè products obtalned in the 
manner herein described one does hot obtaln a 
single deriiative such as .I-IO(l) nH in which n 
bas one and only one value, for' instance, 14, 15 
or 16, or the like.. Rather, one obtains a cogeneric 
mixture of closely related or touching homo- 
logues. These materials invariably have high 
molecular weights and cannot be separated from 
one another by any kno:wn procedure without de- 
composition. The properties of such mixture 
represent the contribution Of the various indi- 
vidual members of the mixture. On a statistical 
basis, of course, n can be appropriately spechïed. 
For practical purposes one need only consider the 
oxypropylation of a monolydric alcohol because 
in essence this 
volved. Even in such instances where one Is con- 
cerned with a monohydric reactant one cannot 
draw a single formula and say that by following 
such procedure one can readily obtain 80% or 
90% or 100% of such compound. I-Iowever, in 
the case of ai least monohydric initial reactants 
one can readily draw the formulas of a large 
number of compounds which appear in some of 
the probable mixtures or can be prepared as com- 
ponents and mixtures which are manufactured 
conventionally. 
Simply by way of illustration reference is 
ruade to the copending application of De Groote, 
Wirtel, and Pettingill, Serial No. 109fl91, filed 
August 11, 1949 (now Patent No. 2,549,434, dated 
April 17, 1951). 
However, momentarily referring again to a 
monohydric initial reactant it is obvious that 
if one selects any such simple hydroxylated coin« 
pound and subjects such compound fo oxyalkyla- 
tion, such as 0xYethylation, or oxypropylation, 
it becomes obvioUS that. one is really producing a 
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polymer of the alkylene oxides except for the ter- 
minal group. This fs particularly true where the 
amount of oxide added fs comparatively large, 
for instance, 10, 20, 30, 40, or 50 units. If such 
compound fs subjected to oxyethylation so as to 
introduce 30 units of ethylene oxide, it fs well 
known that one does hot obtain a single con- 
stituent which, for the sake of convenience, may 
be indicated as RO(C2H«O)30H. Instead, one 
obtains a COlineric mixture-of closely related 
homologues, in which the formula rnay be shown 
as the following, RO(C2ï-I40)H, wherein , 
as far as the statistical average goes, fs 30, but 
the individual members present in significant 
amount may vary from instances where  bas 
a value of 25, and perhaps less, to a point where 
 may represent $5 or more. Such mixture fs, as 
stated, a cogeneric closely related series of touch- 
ing homologous compounds..Considerable inves- 
tigation has been ruade in regard to the distribu- 
tion curves for linear polymers. Attention fs 
directed to the article entitled "Fundamental 
Principles of Condensation Polymerization," by 
Flory, which appeared in Chemical leviews, 
volume 39, No. 1, Page 137, 
Unfortunately, as has been pointed out by 
Flory and other investigators, there is no satis- 
factory method, based on either experimental 
or methematical examination, of indicating the 
exact proportion of the various members of 
touching homologous series which appear in 
cogeneric condensation products of the kind 
scribed. This means that from the practical 
standpoin t, i. e.,-the ability to describe how to 
make the product under consideration and how 
to repeat such production rime after rime with- 
out dilïiculty, it fs necessary to resort to some 
other method of description, or else consider 
the value of n, in formulas such as those which 
have appeared previously and which appear in 
the claires, as representing both individual con- 
stituents in which n has a single denite value, 
and also with the understanding that n repre- 
sents the average statistical value based on the 
assumption of completeness of reaction. 
This may be illustrated as follows: Assume 
that in any particular example the molal ratio 
of the propylene oxide to the diol is 15 to 1. 
Actually, one obtains products in which n prob- 
ably varies from 10' to 20, perhaps even further. 
The average value, however, fs 15, assuming, 
as previously stated, that the reaction is com- 
plete. The product described by the formula 
fs best described also in terms of rnethod of 
manufacture. 
However» in the instant situation it becomes 
obvions that if an ordinary high molal propyl- 
eneglycol is compared to strings of white beads 
of various lengths, the diols herein employed 
as intermediates are characterized by the pres- 
ence of a black bead, i. e., a radical which cor- 
responds to octyleneglycol or octylenediol as 
previously described,, i. e., the radical 
H 
H HH 
_o_;_;o_ 
H H H 
Furthermore, it becomes obvions that one now 
has a nonsymmetrical radical in the majority 
of cases for the reason that in the cogeneric 
mixture going back to the original formula " 

16 
O 0 " 
H H H 

10 n. and n' are usually not equal. For. instance, 
if one introduces 15 moles of propylene .oxide, 
n and n' ceuld hot be equal, insofar, that the 
nearest approach to equality is Where the value 
of n' fs  and n is 8. However, even in the case 
15 of an even number such as 20 30, 40 or 50, it 
fs also obvions that n and n' will hot be equal 
in light of wha has been said previous!y. " Both 
sides of the molecule, are hot going to grow 
with equal rapidity, i. e., to the saine size.. Thus 
20 the diol herein employed is differentiated from 
polypropylene diol 2000, for example, in that 
(a) it carries a hetero unit, i..e., a unit other 
than a propylene glycol or propylene oxSde unit, 
(b) such unit fs off center, and (c) he effect of 
25 that unit, of course, must bave some effect in 
the range with which the linear molecules caaoE 
be drawn together by hydrogen binding or van 
der. Waals forces, or whatever else may be in- 
volved.. 
30 What has been said-previously can be empha- 
sized in the îollowing .manner. ït bas. been 
pointed out previously that in the last îormula 
immediate!y Preceding,. n or n' could be zero. 
Under the conditions of manufacture as described 
35 in Part 1 if is extremely unlilely that n fs ever 
zero. However, such compounds can be prepared 
readfly with comparatively little difllculty by re- 
sorting to a blocking effect or reaction.- For in- 
stance, if the octylene diol is. èsterified with a !ow 
4O molal acid such as acetic acid mole for mole and 
such product subjected to oxyalkylation using .a 
catalyst, such as sodium methylate and guarding 
against the Presence of any water, if becomes 
evident that all the propylene oxide introduced, 
45 for instance 15 to 80 molecules per polyhydric 
a!cohol molecule necessarily must enter at one 
side only. If such product fs then saponified so 
as to decompose the acetic acid ester and then 
acidified so as to liberate the water-soluble acetic 
50 acld and the water-insoluble diol a separation tan 
be ruade and such diol then subjected to esterifi- 
cation as described in Part 2, preceding. Such 
esters, of course, actually represent products 
where either n or n" is zero. Also intermediate 
55 procedures can be employed, i. e., following the 
saine esterification step aïter partial oxypropyla- 
tion. For instance, one might oxypropylate with 
one-half the ultimate amount of propylene oxide 
to be used and then stop the reaction. One could 
60 thenconvert thisPartialoxypropylated intermedi- 
are into an ester by reaction of. one mole'oï acetic 
acid with one mole of a diol. This ester could 
then be .oxypropylated with all the remaining 
propylene oxide. The final product so obtained 
65 could be saponified and acidified so as to elimi- 
nate the water-soluble .acetic acid and free the 
obvionsly unsymmêtrical diol which, incidentally, 
should also be kerosene-soluble. 
70 From a practical standpoint I have round no 
advantage in going to this ext-a step but it does 
emphasize the diffeïence in stïucture between the 
herein described diols employed as intermediates 
and high molal polypïopylene glycol, such as 
5 polypropylene glyco12000.- 



:Conventional :dêrnulsifying -aents..ernployed in 
. the treatrnent uf :off ïïeld emuliions «are used .as 
such, or "after.dflutiOn.wïth anysuitable solvent, 
such as water, ,.petoleum :hYdrocarbons, such-as 
benzen ,toluene,xylene,-tar acidoff, cresol, an- 
thracene off,:tc:. A]cohols,«paricu]arly:ailphatic 
alcohols, such as rnethyl .slcoho],: ethyl / alcoho], 
-denatured atcoh61, propyl.alcohol,butyl:alcohol, 
 hexyl alcoho], octyLa]cohoL etc., may.be: mployed 
as dfluents. Miscellaneous solvents sCh aS pine 
off, carbon tertachloride, su]fur dioxide .extract 
 obtained in the refining of petroteum, etc., may 
be ernp]oFed as diluents. similarly, the rnaterial 
 or rnaterials èmployed .as the demulsifying agent 
of rny process may:be adrrfixed with.one or more 
of the solvents custornarfly used :in connection 
with conventional dernulsifying agents. More- 
over, said rn'aterial or rnaterials may be used alone 
or in admixture with other suitable well-known 
classes of dernu]sifying agents. 
. It is well known that conventional demulsifying 
agen rnay be used in a water-soluble forrn, or 
in an off-soluble forrn, or in a forrn exhibiting 
both off- and water-solubility. Sometimes they 
rnay be used in a forrn which exhibits relatively 
lirnited ofl-solubflity. However, since such re- 
agents are frequently used in a ratio of 1 to 10,000 
or 1 to 20,000, or 1 to 30,000, or.even 1 to40,000, 
or 1 to 50,000 as in desalting practice, such an 
apparent insolubflity in off and water is hot sig- 
nificant bicauie iaid reagents undoubtedly have 
solubflity vithin such concentrations. This sarne 
fact is true in regard fo the material or materials 
employed as the .demu]sifying agent of my 
process. 
 In practicing rny process for resolving petro- 
leurn ernulsions of the water-in-off type, a treat- 
ing agent or dernulsifying agent of the kind above 
described is brought into contac.with or caused 
-to act upon the ernulsion.to.be treaed, inany of 
the various 'apparatus now generally .used to re- 
solve or break petroleum ërnu]sions.witti acherni- 
cal.reagent, the above procedure being nsed-a]one 
or in cornbinaion with 0ther dernu]sying  pro- 
cedure, such as the electrical dehydration process. 
One type of procedure is to accuïnulate a vol- 
urne of ernulsified off in a tank and conduct a 
batch treatrnent type of demulsification pro- 
cedure fo recover clean off. In this procedure 
the ernulsion is admixed with the demulsifier, for 
example by agitating the tank of ernulsion and 
slowly dripping dernulsifier into the ernulsion. In 
some cases rnixing is achieved by heatingthe 
emulsion while dripping in the demulsifler, de- 
pending upon the convection currents in the 
emulsion fo produce Satisfactory admixtur. In 
a third modification of this:ype of treatment,a 
circulating, pump withdraws.emu]sion from» e.. g, 
the bottom of the tank, and reintroduces if into 
the top of the tank, the demulsifler being added, 
for exarnple, at the suction side of said circulat- 
ing purnp. 
In a second type of treating procedure, the 
demulsifier, is introduced into the weli.fiuids at 
 the well-head or ä s0me:p0in bëtweenthe-we]l- 
 head and he firiaI off stoage tank,by rneans of 
- an  adjustable prop0rtioning rnechanisrn or pro- 
portioning pump.. Ordinarily the.flow of fiuids 
through the subsequent lines andfittingi Suflices 
to -ïroiuce .thëdesirëddegree  of. mixing of de- 
mUlsifier and ernu]sion, lthugh 
tances dditional" mixing dëviCeS my-be/intr0- 
dUed]nt6 the fiow systëm. In thisgenéralpro 

cedure; the .systemmay. include vr.ieusflmehani- 
cal devices .for withdraWing free wa.ter, sepa- 
ratng entrinedwter, or.accomplishingqùies- 
cent settling 0f-thcliëmicalized Culsion. Heat- 
5 ing deviceS may ]ikeise be  inc0rporate, in any 
of the treating procees deribedherein. 
'A thfl'd  te 0f .:application  (downthe-hole) 
_ of 'demsifier ,fo emùlsionis  to introduce the 
demuNifier either.peridically, or .contuoly in 
10 dfluted Or lutëd formintothe weH .d 
allow it .fo corne  t0 %he Sface .wih' the wCÂ 
fids, and then  fo fiow the Chemiclized emul- 
sion through anY derable surface equipmt, 
such as employd in .%he other ' treatg, pro- 
15 cedes. is particular:ype óf application  
decidey useful When hedemUlsifier is-used/in 
coection with aidificaonefcalcarus0il- 
bearing strata, espeiaH ifsnded..in or. dis- 
solved in  the acid emçlo.yed :or acidcation. 
  all cases, it wibeappentfrom.he fore- 
going descripon,.thebroad.processconSts  sire- 
PIF  introducingrelaivélFsma]l.proportion of 
demsifier into-a rltively !arge proportion of 
emon, adxing the.chemical ,and - emsion 
25 either toh natural. owor . through, specia] 
apparatus, with or ihout the-..appHca0n of 
heat, and aHowing the mixture to stand qescent 
unN1 the undesirable wa-ter content of. the emu]- 
sion separates and settles. rom the mass. 
30 e following is a typical insHation. 
A reservoir to holdhe.demuifier of the kind 
described (luted or luted) is placed at the 
eli-head .where :he. euent.-liquids leave the 
ell. This reservoir or .contalner, hch may 
35 vary from 5 galloo 50çgHonSforconvence, 
is. coected  a-proporong. pp.which 
jects the demsifier.ropwise into.the fids 
leaving the well. Such-chemicalized.uids pass 
 through the fiowline'-into» a.settling :oEnk. The 
40 -settng tank .consists ùof ...a tank -.of any .con- 
veent size/for/itance, .one .which will hold 
.. amoun of fluid:roduced in 4 to 24 hours (500 
baels to .2000barrels capacity), and in which 
- the ..is  a perpendicular »conduit. from the top 
45 of .e. tank to aost the ve..bottom-soas to 
permit the ïncoming/fiuids..to .pass from the top 
of the settHng ta.othe"bottom,.so thatsuch 
incong fids do hot OEstb stratification 
. wch takes place during..the cose of dmi- 
50. fication. The ..settli.ng -tank-has. two .outle,..0ne 
being below the wate.leveLto'drain off thewater 
.resing from dulSifictionor, acc0mpnying 
.the. emion as ree .wter, .%he other being an 
. off ourlet at the%op to permit the passage of de- 
55 hydrated Off to.a..second .t, being .a .storage 
--.tank, which holds pipeline .or .dehydrated off. 
If desed, the condt  orpipe .which serres fo 
cay the flds from hewell to the set]ing ta 
may include .- a- section of pipe wi-th baes fo 
60 serve as a mier,to-urethorough dis%rbu%ion 
.0f  he .demi-fier %hroughout %he fids,- or -a 
heter for raising: the temperate of  thefl-ds 
to some conveent -emperte,-for 'itance, 
 120  ,fo 160  F., or.bd%hheater-and xer. 
65 Demulsification pocede is-startedby simply 
Se%ring the pp so-as'to feed.acompara%ively 
 large ratio of demsifier/for instnce/.l:5»000. 
As soonasa complete"break" or satisfacto 
' mification is obtained, the pp is rguiatèd 
70 until experice .shows tha theamot of de- 
muifier being added is. jt .sucient to.. pro- 
duce clean or dhydratëd/0il. e amount be- 
fng fed  at suchtagêis.usuàHy 1: 1O;000,' 1: 15,000, 
. 1:20,000, or thehke;  . 
 In many ltanceSthe oxylktè pr6duts 

2O 
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herein specifled as demulsiflers can be. converti- 
" ently used without dilution. ttowever, as previ- 
ously noted, they may be diluted as desired with 
any suitable, solvent. For instance, by mixing 
75 parts.by weight of an oxyalkylated deriva- 
rive, for example; the product of Example 32b 
with 15 parts by Weight of xylene and 10 parts 
by weight of isopropyl alcohol, an excellent de- 
mulsifier is obtained. Selection of the solvent will 
vary,, depending upon the solubility characteris- 
tics of the oxyalkylated pr0duct, and of course 
will be dictated in part by economic considera- 
tions, i. e., cost. " 
As noted above, the products herein described 
may be used hot only in dfluted form, but also 
may be used admixed with some other chemical 
demulsifier. A mixture which illustrates such 
combination is the following: 
Oxyalkylated derivative, for example, the prod- 
uct of Example 32b, 20%; 
A cyclohexylamine salt of a polypropylated 
naphthalene mono-sulfonic acid, 24%; 
An ammonium saltof a polypropylated naph- 
thalene mono-su]fonic acid, 24%; 
A sodium salt of oil-soluble mahogany petro- 
leum sulfonic acid, 12% ; 
A high-boiling aromatic petroleum solvent, 
15%;  - 
Isopropyl aleol%ol, 5.%. 
Tle above proportions are all weight percents. 

PART 5 

I have found that if such hydroxylated com- 
pound or compounds are reacted further so as to 
produce entirely new derivatives, such new de- 
rivatives bave the properties of the original hy- 
5 droxylated compound insofar that they are ef- 
fective and valuable demu]sifying agents for 
resolution of water-in-oil emulsions as round in 
the petroleum industry, as break inducers in 
doctor treatment of sour crude, etc. 
10 Having thus described my invention,, what I 
claire as new and desire fo secure by Letters 
Patent, is: 
- l: A process for breaking Petroleum emulsions 
of the water-in-oil type characterized by sub- 
15 jecting the emulsion fo the action of a demu]si- 
fier including hydrophile syïathetic products; 
said hydrophile synthetic products being charac- 
terized by the following formula: 

20 H 
H H H 

in which n andri' are numerals including 0 with 
the proviso that n plus n' equàls a sure varying 
30 from 15 to 80, and n" is a whole number not over 
2, and R is a radical of the polycarboxy acid 

Previous reference has been made fo other 
oxyalkylating agents other than propylene oxide, 
such as ethylene oxide. Obviously variants can 
be prepare.d which do hot depart from what is 
said herein but do produce modifications. The 
diol 2-ethylhexandiol-l,3 can be reacted with 
ethylene oxide in modest amounts and then sub- 
jected fo oxypropylation provided that the re- 
sultant derivative is (a) water-insoluble, (b) 
kerosene-soluble, and (c) bas present 15 fo 80 
alkylene oxide radicals. Needless fo say, in ortier 
fo have water-insolubi]ity and kerosene-solu- 
bility the large majority must be propylene 
oxide. Other variants suggest themselves as, for 
example, replacing propylene oxide by butylene 
oxide. 
More spechfically then one racle of 2-ethyl- 
hexandiol-l,3 can be treated with 2,4 or 6 racles 
of ethylene oxide and then treated with pro- 
pylene oxide so as fo produce a water-insoluble, 
kerosene-soluble diol in which there are present 
15 fo 80 oxide radicals as previously specifled. 
Similarly the propylene oxide can be added first 
and then the ethylene oxide, or random oxyal- 
kylation can be employed using a mixtm'e of the 
two oxides. The compounds so obtained are 
readily esterhïed in the saine manner as described 
La Part 2, preceding. Incidentally, the diols de- 
scribed in Part 1 or the modifications described 
therein can be treated with various reactants 
such as glycide, epichlorohydrin, dimethyl sul- 
fate, sulfuric acid, maleic anhydride, ethylene 
imine, etc. If treated with epichlorohydrLa or 
mono-chloroacetic acid the resultant product 
can be .further reacted with a tertiary amine 
such as pyridine, or the like, fo give quaternary 
ammonium compounds. If treated with maleic 
anhydride fo give a total ester the resultant can 
be treated with sodium bisulflte fo yield a su]fo- 
succinate. Su]fo groups can be introduced also 
by means of a sulfating agent as previously sug- 
gested, or by treating the chloroacetic acid re- 
su]tant with sodium su]rite. 

35 

O00H 
(000H).,, 

in which n" has its previous signLflcance; and 
with the further proviso that the parent diol 
4O prior fo esterification be water-insoluble and 
kerosene-soluble. 
2. A process for breaking petroleum emulsions 
of the water-in-oil type characterized by sub- 
jecting the emulsion to the action of a demul- 
4:, sifier including hydrophile synthetic products; 
said hydrophile synthetic products being char- 
acterized by the following formula 

50 H HH 
55 (H000).,,R (00sH).O0 1 -- O(0H0)., R(00OH).,. 
H H H 

in which n and ' are numerals including 0 with 
the proviso that n plus n' equals a sum Varying 
from 15 fo 80, and " is a whole number not 
60 over 2, and R is a radical of the polycarboxy acid 

C00H 
R / 
C5 \(C00H),, 
in which n" has its previous signLflcance; Said 
polycarboxy acid havlng not more than 8 car 
bon atoms; and with the further proviso that 
70 the parent diol prior to esterification be water- 
insoluble and kerosene-soluble. 
3. A process for breaking petroleum emul- 
sions of the water-in-oil type characterized by 
subjecting the emulsion to .the action of a.de- 
7 mulsifier including hydrophile synthetic pr0d- 
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21 
ucts; said hydrophile synthetic products being 
charcterized by the following formula 
H 
H HH 
0 O 
ooo) o,,coo).o o---o(co.,c(cooo,, 
H H H lO 
hu wch  and ' are nerals excluoEng zero, 
with the proviso that  plus ' equals a s 
varng from 15 to 80, and "  a whole number 
hot over 2, and R is a raoEcal of the polycarboxy 
acid 15 
C00H 
k(C 00H),, 
in wch " bas ifs previous sigcance; said 20 
polycarboxy cid having hot more than 8 carbon 
atoms; and with the furer proviso that the 
parent diol pMor fo esterification be water-in- 
soluble and kerosene-soluble. 
4. A process for breang Detrole emul- 25 
sions of the water-in-oil type charterized by 
subjecthug the emsion fo the action of a de- 
mulsifier inclung hydroDhile synthetic prod- 
ucts; said hydrople sthetic produc being 
characterized by the following forma: 
H 
H HH 
0 0 
H 

30 Number 
2,507,560 
2,514,399 

in which n and n' are numerals excluding zer0, 
with the proviso that n plus n' equals a sum 
varying from 15 fo 80, and R is the radical of 
the dicarboxy acid 
C00H 
\OOOH 
said dicarboxy acid having not more than 8 car- 
bon atoms; and with the ïurther proviso, that 
the parent diol prior fo esterfication be water-in- 
soluble and kerosene-soluble. 
5. The process of claire 4 wherein the dicar- 
boxy acid s phthalic cid. 
6 The process of claire 4 wherein the dicar- 
boxy acid is maleic acid. 
7. The process of clakn 4 wherein the dicar- 
boxy acid is succinic acid. 
8. The process of claire 4 wherein the dicar- 
boxy acid is citraconic acid. 
9. The process of claire 4 wherein the dicar- 
boxy acid is diglycollic acid. 
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